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SUMMARY

An investigation has been conducted in the lLangley 4- by 4-foot
supersonic pressure tunnel at a Mach number of 2.2 to determine the
aerodynamic characteristics of several ring-wing—body configurations.
This investigation included tests for the bodies alone and for the
ring-wing—body combinations; these tests were conducted through an
angle-of-attack range from about -4° to 11°.

The data indicated that sizable reductions in body wave drag were
obtained for the concave-afterbody configuration as a result of the
favorable interference produced by the ring wing. However, a large
percentage of the total drag was produced by the ring wing and struts,
and thus the ring-wing configurations of these tests appear to offer
no drag esdvantage over a conventional wing-body confilguration. Of the
three configurations tested, the half-ring wing in combination with a
body having a parabolic afterbody had the lowest drag (0.35) and the
highest maximum 1ift-drag ratio (4.9).

INTRODUCTION

Considerable interest has been shown recently in ring-wing—body
configurations as a means of reducing the wave drag. A number of theo-
retical studies has been made for this type of configuration and the
results indicate that with proper wing-body design, a configuration
with zero wave drag may be possible. (See refs. 1 to 3.) Results of
the experimental investigations of references 4 to 6 on ring-wing con-
figurations also provide data which show some drag reduction due to
favorable interference effects.



However, in all of these investigations no overall measurements
were made on the ring-wing—body configuration which included friction
drag as well as wave drag. Reference 5 lndicates that the magnitude of
the friction drag from the large area of the ring wing may be suffi-
ciently large to cancel the savings in wave drag. Thus, the overall
configuration may not offer any drag advantage over a conventional
wing-body configuration.

Accordingly, an experimental investigation has been conducted in
the Langley 4- by 4-foot supersonic pressure tunnel to determine the
aerodynamic characteristics in pitch of several ring-wing configura-
tions at a Mach number of 2.2. These configurations were not specifi-
cally designed to produce zero wave drag but were tested primarily to
messure the overall aserodynamic characteristics of a ring-wing—body
combination and to show the possible wave-drag reduction for an arbi-
trary body shepe of moderate fineness ratio. Tests were conducted for
the body shapes alone and for the complete-ring-wing—body combinations
through an angle-of-attack range from about -4© to0 11°., The configu-
rations investigated included & large-chord ring wing, a small-chord
ring wing, and a small-chord half-ring wing in combination with bodies
having three different afterbody shapes (cylindrical, parabolic, and
concave). The results of the investigation, together with a limited
analysis, are presented herein.

SYMBOLS
-p S
CA b base axial-force coefficient, KEEL———z—E
b q_SF

Cp drag coefficient, Drag

qSg
cL 11t coefficient, it

a5y
Cn pltching-moment coefficlent about wing quarter chord,

Pitching moment
qSFZ

1 body length, in.
L/D 1ift-drag ratio

M free-stream Mach number

O+



O W=

P free-stream static pressure, lb/sq ft
Py body-base pressure, 1b/sq ft

a free-stream dynsmic pressure, lb/sq ft
Sp body-base area, sq ft

Sp maximum body frontal area, 0.0123 sq ft
X,y body coordinates, in.

a angle of attack, deg

Subscript:

min minimum

Model components:

By concave afterbody

B parabolic afterbody

B3 cylindrical afterbody

Wy large ring wing (wing chord = 4.40 in.)
W, small ring wing (wing chord = 3.00 in.)
W half-ring wing (wing chord = 3.00 in.)

MODEL AND AFPARATUS

Details of the model configurations are illustrated in figure 1.
Each of the three ring wings was a cylinder constructed of 0.075-inch-
thick steel and was supported from the body by three mounting struts.
Model wing components are designated by the letter W with sub-
scripts 1, 2, and 3 to distinguish between the dimensional character-
istics as indicated in figure 1(a). The body components are designated
by the letter B with subscripts 1, 2, and 3 to distingulsh between
the afterbody shapes as shown in figure 1(b). Wing W) had the longest



chord (4.40 inches) and the largest planform area (21.6 square inches).
Wing Wo had a shorter chord (3.00 inches) and less planform area than

wing Wy, although the ring diameter was larger. Wing W3 was a half-

ring arrangement formed by removing the lower half of wing Wpo and repo-
sitioning the three mounting struts as shown in figure 1(a). The wings
were placed on the body so that at a Mach number of 2.2 the leading
edge of the ring wing would reflect the nose shock when at zero angle
of attack. (See schlieren photographs of fig. 2.) The wings were
composed of sections which had completely flat inner surfaces. The
outer surface of each wing had a flat midsection with a wedge angle

of 6° which tapered to a sharp edge at the wing leading and trailing
edges.
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The three bodies were constructed of steel and had an identical
nose, parabolic in shape back to the 7.5-inch station. The three body
shapes were formed by varying only the afterbody shapes (cylindrical,
parabolic, and concave) as shown in figure 1(b). Coordinates for the
different body shapes are given in table I.

The models were mounted in the tunnel on a remotely controlled
sting. Forces and moments were measured by means of an internal strain- B
gage balance.

TESTS, CORRECTIONS, AND ACCURACY

The test conditions were as follows:

Mach NUMDET . v « ¢ & o o & o o o o o & o o s o s o o o o 2.2
Stagnation temperature, °F . . . . . . . . ¢ o o0 .0 . . 100
Stagnation pressure, lb/sq 5 i S S 1,150
Reynolds number per fOOt . . « + « « « ¢ o ¢ o 0 e e e 1.8 x 100

The stagnation dewpoint was maintained sufficiently low (-25° F or
less) to prevent condensation effects in the test section. The models
were sting-mounted, and pitch tests of the bodies alone and of the com-
plete models were made for an angle-of-attack range from about =40 to
11°. The angles of attack were corrected for deflection of the balance
and sting under aerodynamic load. The pressure within the balance
enclosure was measured, and the drag force was adjusted to correspond
to a balance-chamber pressure equal to free-stream static pressure. A
plot of the base axial-force coefflcients against angle of attack is
shown in figure 3. For most of the tests, except when noted in the -
figures, transition was fixed on the body and wing. Transition strips
1/8 inch wide of No. 80 carborundum grains were applied along the
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10-percent-chord line of the wing
rearward of the nose.

The accuracy of the measured

CD . .
CL . . . . .
Cm .« . . . e . . . e s

M . . . e v e s . .
a, deg . . . . . . .

and at 10 percent of the body length

quantities 1s estimated as follows:

P o)
< Y05
O Y =
P < o oD
< P

PRESENTATION OF RESULTS

The results of the investigation and the figures in which they are

presented are as follows:

Variation of body-base axial-force coefficlent with

angle of attack . . . « ¢ ¢ o 0 4 v e h e e e e e e e e e 3
Aerodynamic characteristics in pitch for isolated bodies . b
Aerodynamic characteristics in pitch for large ring wing

in combination with three afterbodies . . . . . . . ¢ « ¢ « 5
Drag breakdown for isolated bodies and for large ring wing and

body combinations . . . .« ¢« 4 4 e e e e e e e e e e e e e 6
Aerodynamic characteristics in pitch for the three ring-wing

configurations with parasbolic afterbody . . . . . . . . . . . . T

SUMMARY

OF RESULTS

The data of figures 4 and 5 show the aerodynamic characteristics
in pitch for the isolated body configurations and for the large ring-
wing—body combinations, respectively. All wing-body combinations
show a stable pitching-moment slope with only negligible changes due
to afterbody shape (fig. 5(a)); the variation of the 1lift coefficlent
with angle of attack was linear and essentially the same for each con-
figuration. The differences in the drag coefficlents and the 1ift-
drag ratios among the complete configurations were very small (see
fig 5(b)); however, the lowest minimum drag coefficient (0.528) and
the highest L/D (4.1) were obtained for the ring-wing configuration

with the concave afterbody (W1Bi).

A drag breakdown for the isolated bodles and for the large ring
wing and body combinations at zero angle of attack is presented in



figure 6. In order to evaluate the component drag, it was assumed that
the ring wing Wq in combination with the cylindrical afterbody B3

would have no interference effects on body drag. Thus, the drag of the
ring wing and struts was obtained by subtracting the isolated body drag
of B3 from the total wing-body drag of W1B5. Body skin-friction esti-

mates were made using Van Driest's skin-friction coefficients for turbu-
lent flow. (See ref. 7.) For the bodies alone, the concave afterbody
By had the highest minimum total drag; however, for the ring-wing—bodies

in combination, the configuration with the concave afterbody W;B, had

the lowest total drag. Comparison of the wave drag for the concave
afterbody alone and with the wing indicates a reduction in the body
wave drag of approximately 80 percent as a result of favorable inter-
ference. For the parabolic-afterbody configuration B,, the wave-drag

reduction due to favorable interference was somewhat less, being about
55 percent. When considering the fact that the model design was some-
what arbitrary, the percentage was fairly high for the concave-afterbody
configuration. Possibly part of the drag reduction may have resulted
from a change in the boundary-layer conditions on the afterbody, as may
be noted in the schlieren photographs of figure 2. In any case, however,
the main point of interest appears to be the drag increment for the

ring wing and struts; this increment for W1B; 1s about 84 percent of

the total drag. This large wing-drag increment results in such a high
total configuration drag that even if zero wave drag were obtained on
the body, 1t appears that the full-ring-wing configurstion of these
tests would offer no drag advantage over a conventional wing-body con-
figurastion. As noted previously, however, the model design was some-
what arbitrary and it would be expected that a more refined design
would result in a reduction in the incremental drag associated with the
wing and struts.

A comparison of the three ring-wing configurations on the parabolic
afterbody B, is shown in figure 7. As might be expected, the half-ring-

wing configuration W3B2 had the lowest minimum drag (0.35) and the high-

est meximum lift-drag ratio (4.9) of the three configurations. This
result is in agreement with the results shown in figure 6, which indi-
cate that the best means for obtaining performance improvement would
be in the reduction of wing and strut drag.

It 1s also interesting to note in figure 7 that the lift-curve
slope for the half-ring wing and body combinstion was different from
this slope for the other two wings and that at zero angle of attack,
this combination produced a 1ift coefficient of 0.6 with a corresponding
1lift-drag ratio of 1.6. The favorable 1ift increment was apparently
produced by the reflection of the forebody positive pressure field on
the wing inner surface. In considering other half-ring-wing designs,
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it would be of interest to consider the possibility of further exploita-
tion of the forebody pressure field as a means of producing favorable
1ift and 1lift-drag ratios at low angles of attack.

Langley Research Center,
National Aeronautics and Space Administration,
Langley Air Force Base, Va., December 7, 1961.
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TABLE I.- BODY COORDINATES

Coordinates
Body section
X, in. y, in.
0] 0
lr <375 073
. 750 . 143
Nose, / 1.125 .208
B and B \ 1.500 .270
v B 3 | 3. 000 .480
l 4,500 .630
Lﬂ 6.000 .720
7.500 .T50
1 1.500 0.750
8.500 T35
Concave afterbody, J g-ggg -228
B Y . .
1 | 10. 000 .536
11.000 410
.| 12.000 350
q 7.500 0.750
Parabolic afterbody, 8-288 -$55
9. . 720
Po 10. 500 .630
\_ 12.000 . 480
Cylindrical afterbody, jﬁ 7-288 0.750
B 10. . 750
5 L 12.000 . 750

O W+ B
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(a) Isolated body configurations. a =

Figure 2.- Schlieren photographs of models.
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(b) large ring wing with parabolic afterbody, W;B,.

Figure 2.- Continued.
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(c) Small ring wing with parabolic

Figure 2.- Concluded.

afterbody, WoBo.
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(a) Transition on.

a,deg

Figure 3.- Variation of body-base axial-force coefficient with angle of
attack.
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(a) Variation of Cp and Cj with a.

Aerodynamic characteristics in pitch for isolated bodies.

Figure 4.
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(b) Variation of L/D and Cp with a.

a,deg

Figure 4.- Concluded.

17



18

Cm

a,deg

(a) Variation of Cp and Cp, with a.

Figure 5.- Aerodynamic characteristics in pitch for large ring wing in
combination with three afterbodies.
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with a.

(b) Variation of L/D and Cp

Figure 5.- Concluded.
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a,deg

(a) Variation of Cp and Cp, with o

Figure T7.- Aerodynamlc characteristics in pitch for three ring-wing con-
figurations with parabolic afterbody, B (transition strips off).
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a,deg

(b) Variation of L/D and Cp with o

Figure T.- Concluded.

NASA-Langley, 1962
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